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(54) VARIABLE DAMPING MASS DAMPER 

(57)Abstract: 

PURPOSE: To change a damping constant of a variable damping mass 
damper by changing voltage impressed between an electrode inside of a 
casing and an electrode outside of a rotary member, that is, voltage 
impressed upon electrical viscous fluid. 

CONSTITUTION: Electrical viscous fluid 18 is sealed up in clearance 
between a casing 12, a rotary member 16 and a ball screw 10. When a 
weight part 4 is vibrated to an installing part 2, laminated rubber 3 is 
deformed, and the ball screw 1 0 fitted to a reaction stand 7 is rotated. 
The rotary member 16 of a damping device 1 1 fixed to the ball screw 10 is 
rotated in the casing 12 fixed to the weight part 4. At this time, rotational 
resistance corresponding to viscosity of the electrical viscous fluid 18 is 
applied to the rotary member 16 and the ball screw 10. A damping 
constant of the damping device 1 1 can be changed by changing voltage 
impressed between an electrode 15 inside of the casing 12 and an 
electrode 1 7 outside of the rotary member 1 6. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Laminating rubber by which the end side was fixed to the installation section The ball screw supported by 
the aforementioned weight section free [ rotation ] while screwing so that it might extend along the direction of a field 
of the aforementioned laminating rubber in the other end side of the weight section fixed to the other end side of this 
laminating rubber, the reaction force base where the end side was fixed to the installation section, and this reaction 
force base It is the adjustable attenuation mass damper equipped with the above, the rotation member by which the 
electrode was prepared outside while being fixed to the aforementioned weight section and fixed to the aforementioned 
ball screw in casing by which the electrode was prepared inside while the aforementioned ball screw was inserted, and 
this casing is prepared, the electroviscous fluid by which viscosity is controlled by voltage impressed in the 
aforementioned casing is enclosed, and it is characterized by the bird clapper. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the adjustable attenuation mass damper which can change the damping 

property while damping the structure. 

[0002] 

[Description of the Prior Art] The laminating rubber by which the end side was fixed to the installation section as a 
mass damper which performs damping of the structure conventionally, The weight section fixed to the other end side 
of this laminating rubber, and the reaction force base where the end side was fixed to the installation section, While 
screwing so that it may extend along the direction of a field of laminating rubber in the other end side of this reaction 
force base, there is a passive CHUNDO mass damper of composition of having the ball screw supported by the weight 
section fi-ee [ rotation ] or an active system mass damper which applies driving force to this. In these mass dampers, the 
natural period of equipment, the attenuation coefficient, etc. are set up so that vibration of the structure can be reduced 
effectively. 
[0003] 

[Problem(s) to be Solved by the Invention] However, generally, since the excellence oscillation period of the structure 
will change with amplitude, winds, etc. of many years past of the structure, and the structure, in order to raise damping 
efficiency, it will need to change the natural period and attenuation coefficient of equipment according to this change. 
Generally changing the natural period and attenuation coefficient of a large-sized mass damper takes time and effort, 
moreover, the adjustable attenuation mass damper which heightens the damping effect of the structure more by 
changing the attenuation coefficient of a mass damper on real time according to vibration is proposed, and since 
deformation of equipment generally becomes large in the case of the mass damper for the upper-layers structures, 
generally such an adjustable attenuation mass damper will become large-sized equipment, and tfie composition of 
equipment will also become complicated 

[0004] The purpose of this invention is offering a large stroke correspondence adjustable attenuation mass damper 

reaUzable with compact and simple composition. 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the adjustable attenuation mass 
damper of this invention The laminating rubber by which the end side was fixed to the installation section, and the 
weight section fixed to the other end side of this laminating rubber, It is what has the reaction force base where the end 
side was fixed to the installation section, and the ball screw supported by the aforementioned weight section fi*ee 
[ rotation ] while screwing so that it mi^t extend along the direction of a field of the aforementioned laminating 
rubber in the other end side of this reaction force base. Casing by which the electrode was prepared inside while being 
fixed to the aforementioned weight section and inserting the aforementioned ball screw, While being fixed to the 
aforementioned ball screw in this casing, the rotation member by which the electrode was prepared outside is prepared, 
the electroviscous fluid by which viscosity is controlled by voltage impressed in the aforementioned casing is enclosed, 
and it is characterized by the bird clapper. 
[0006] 

[Function] It will move with the weight section to a reaction force base, the ball screw screwed in the reaction force 
base rotating according to the adjustable attenuation mass damper of this invention, while laminating rubber deforms, 
if the weight section vibrates to tiie installation section, and will rotate within casing by which the rotation member 
fixed to the ball screw by this rotation was fixed to the weight section, the rotational resistance corresponding to the 
viscosity of this electroviscous fluid since the electroviscous fluid was enclosed in casing here — rotation — the 
electrode which will be built over a member and a ball screw and was therefore prepared in the casing inside, and 
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rotation ~ the attenuation coefficient and the natural period of the rotational resistance concerning a ball screw, i.e., an 
adjustable attenuation mass damper, will change by changing the voltage impressed to the voltage, i.e., an 
electroviscous fluid, impressed between the electrodes prepared in the outside of a member Therefore, an attenuation 
coefficient and a natural period can be made adjustable, without adopting composition complicated again, without 
enlarging equipment 
[0007] 

[Example] The adjustable attenuation mass damper by one example of this invention is explained below with reference 
to drawing 1 - drawing 4 . It is the adjustable attenuation mass damper of this example which is shown in drawing 1 , 
and this adjustable attenuation mass damper has the weight section 4 by which fixed support of each comer was carried 
out in the other end side of two or more laminating rubber 3 by which fixed installation of the end side was carried out 
in the predetermined position on the installation section (usually upper part of the structure) 2, and two or more of this 
laminating rubber 3. The crevice 5 dented one step is formed in the middle predetermined range of the weight section 4 
fi-om the upper siuface side, and the breakthrough 6 penetrated in the vertical direction is formed in the middle 
predetermined range of this crevice 5. 

[0008] The reaction force base 7 is installed on the installation section 2 of the predetermined position between 
laminating rubber 3, and this reaction force base 7 mainly consists of a low fixed part 8 and a lobe 9 which projects up 
so that the above-mentioned breakthrough 6 may be penetrated fi'om this fixed part 8 fi*om the laminating rubber 3 
fixed to the installation section 2. In addition, the upper-limit position of a lobe 9 serves as the specified quantity 
bottom from the upper-limit position of the weight section 4, and when the weight section 4 vibrates to the maximum 
to the installation section 2, the breakthrough 6 is set up so that it may not interfere with the reaction force base 7. 
[0009] And it is screwed in the upper surface of the crevice 5 of the weight section 4 by the direction of a field of 
laminating rubber 3, i.e., the inner [ by which the ball screw 10 is formed so that it may extend horizontally, and this 
ball screw 10 was form^ in the lobe 9 of the reaction force base 7 ] screw which it does not illustrate. Here, in this 
example, the both ends of the ball screw 10 are supported by the absorber 1 1 free [ rotation ]. 
[0010] the casing 12 fixed to the upper surface of a crevice 5 while the absorber 1 1 made the shape of an outline 
cylinder by which both ends were blockaded, as shown in drawing 2 and drawing 3 ~ having ~ ****-- the ends lock 
out section 13 of this casing 12 — support — a hole 14 punctures ~ having — **** - this support ~ the ball screw 10 is 
supported by the hole 14 free [ rotation ], where movement of shaft orientations is regulated And the electrode 15 
which can be energized from tiie exterior in the inner circumference section of casing 12 has fixed to the perimeter, in 
addition, the support in the state where the ball screw 10 was inserted in - although illustration is abbreviated to about 
14 hole — this support - the seal structure of preventing the interior and the exterior of casing 12 being in a free 
passage state through a hole 14 is adopted 

[001 1] the ball screw 10 inserted into casing 12 - pillar-like rotation - a member 16 is fixed - having this 
rotation - the electrode 17 which can be energized from the exterior in the periphery section of a member 16 has fixed 
to the perimeter here — this rotation — between the electrode 17 of a member 16, and the electrode 15 of casing 12, a 
fixed crevice prepares at a perimeter — having -****-- rotation - the fixed crevice is formed also between the ends 
side of a member 16, and both ****** of casing 12 and these casing 12 and rotation - the electroviscous fluid 18 
which can carry out change control of the viscosity is enclosed with the crevice between a member 16 and the ball 
screw 10 by changing the voltage (namely, field strength) to impress In addition, except two electrodes 15 and 17 
minding an electroviscous fluid 18, predetermined insulating processing is performed so that it may not energize. 
[0012] While according to the adjustable attenuation mass damper of this example of the above composition 
laminating rubber 3 will deform as shown in drawing 4 if the weight section 4 vibrates to the installation section 2 It 
will move with the weight section 4 to the reaction force base 7, the ball screw 10 screwed in the reaction force base 7 
rotating, rotation of the absorber 1 1 fixed to this ball screw 10 by rotation of this ball screw 10 - it will rotate within 
the casing 12 of the absorber 1 1 by which the member 16 was fixed to the weight section 4 Since the electroviscous 
fluid 18 is enclosed in casing 12 here, A member 16 and the ball screw 10 will be started, the rotational resistance 
according to the viscosity of this electroviscous fluid 18 ~ rotation - therefore, the electrode 15 prepared inside casing 
12 and rotation - by changing the voltage impressed to the voltage 18, i.e., an electroviscous fluid, impressed between 
the electrodes 17 prepared in the outside of a member 16 The attenuation coefficient of the rotational resistance 1 1 
concerning the ball screw 10, i.e., an absorber, will change. Therefore, an attenuation coefficient and a natural period 
are realizable with composition compact [ considering as adjustable ], and simple. And since the absorber 1 1 is used 
for the rotating part of the ball screw 10, the stroke of the advancing-side-by-side direction of it is without limit 
attained. 

[0013] And although illustration is omitted, the performance as a semi active damper which controls the natural period 
and attenuation coefficient of an adjustable attenuation mass damper by real time according to the vibrational state of 
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the structure will be demonstrated b^)rming the sensor which detects the vibrational state to the installation section 2 
of the weight section 4, and the control unit which controls the voltage which deduces the optimal attenuation 
coefficient using the information fi-om this sensor, and is impressed between two electrodes 15 and 17. And since the 
equivalent viscosity changes in an instant when an electroviscous fluid 18 changes field strength, response delay etc. is 
not produced. 

[0014] in addition, casing 12, the ball screw 10, and rotation, when a member 16 is formed by the electrical conducting 
material What is necessary is not to be alike, respectively, not to fix an electrode and just to impress direct voltage to 
casing 12 and the ball screw 10 (this case - casing 12 and rotation - a member 16 serves as an electrode), this case -- 
casing 12, the ball screw 10, and rotation - except a member 16 minding an electroviscous fluid 18, predetermined 
insulating processing will be performed so that it may not energize moreover — as two or more plates which consist a 
rotation member of an electrical conducting material in enlarging the resistance force of an electroviscous fluid ~ the 
ball screw 10 — fixing - the inside of casing 12 - rotation - it is also possible to carry out the multiple anchorage of 
the plate of a member and the plate which consists of an electrical conducting material arranged by turns 
[0015] Moreover, of course, it is also possible to form the ball screw 10 and an absorber 1 1 not only in Mukai's 
vibration but in the many directions (for example, two directions which intersect perpendicularly), and to control a 
damping property on the other hand, 

[0016] In addition, it is also possible to also prepare rather than to to form [ while ] an absorber 1 1 in the ends of the 
ball screw 10 and to form an absorber 1 1 in the position in which it does not interfere with the reaction force base 7 
apart fi-om the support to the weight section 4 of the ball screw 10 separately possible. 

[0017] Furthermore, it is also possible to consider as the adjustable attenuation mass damper of the active system 
damped actively by making a motor 19 connect with the end side of the ball screw 10, as shown in drawing 5 , 
deducing a vibrational state with the control unit which is not illustrated with the signal fi-om the sensor which detects 
vibration, and which is not illustrated, and driving a motor 19 according to this vibrational state. 
[0018] Here, the example of calculation at the time of using the adjustable attenuation mass damper of the above- 
mentioned example is shown below. First, when the period of lOOton(s) and equipment is made into 4sec(s) and the 
maximum attenuation coefficient h= 0.2 for the wei^t of the weight section 4, it is maximum damping coefficient 
c=2mhomega=2xl00 / 980x0.2x2xpixl / 4= 0.064 [ton/cm/sec]. 

When the maximum stroke of an adjustable attenuation mass damper is set to Im, it is maximum damping-force 
F=cvmax=0.064xl00x2xpixl / 4= 10.1 [tonf). 

When it is efficiency 1.0, using pitch 8cm as a ball screw 10, it is required torque T=p/2pixF=8/2pixl 0.1=1 2.9[tonf- 
cm]. 

The sum Q= 12.9 of the force / 50**0.26 which meets a periphery supposing the resistance force by the electroviscous 
fluid 1 8 acts in accordance with a periphery with a diameter of 50cm [tonf] 

When a next door and an absorber 1 1 are made into two sets, it will end with this half extent fiirther. Of course, if it is a 

more nearly small-scale small-scale mass damper, it will end with a smaller damping force. 

[0019] 

[Effect of the Invention] the rotational resistance corresponding to the viscosity of an electroviscous fluid according to 
[ as explained in fiill detail above ] the adjustable attenuation mass damper of ttiis invention - rotation - the electrode 
prepared in the casing inside since a member and a ball screw would be started, and rotation - the attenuation 
coefficient and the natural period of the rotational resistance concerning a ball screw, i.e., an adjustable attenuation 
mass damper, will change by changing the voltage impressed to the voltage, i.e., an electroviscous fluid, impressed 
between the electrodes prepared in the outside of a member Therefore, an attenuation coefficient and a natural period 
are realizable with composition compact [ considering as adjustable ], and simple. 
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